Computed tomography of the brain was performed initially and after nutritional rehabilitation on 12 children with kwashiorkor. The severe cerebral shrinkage evident initially resolved after nutritional rehabilitation. The mechanism and significance of this reversible abnormality remains to be determined.
Results
Initially all but one of the children were significantly growth retarded (table) with masses less than 80% of the expected 50th National Center for Health Statistics centiles.2 Mean expected weight for age was 68-9%. In two the masses were less than 60% of expected weights for age, indicating severe malnutrition or marasmic kwashiorkor. The mean expected height for age was 92-2%. Head circumference was measured initially in 11 and was normal in seven children. In all patients the head circumference appeared appropriate to the body size. Serum albumin concentrations were low in all patients (mean 17-7 g/l) and in eight were below 20 g/l. All had clinical features typical of kwashiorkor such as generalised oedema, skin lesions, and hair changes. All were typically apathetic and withdrawn on admission.
The computed tomograms showed cerebral atrophy in all 12 children. In eight there appeared to be a severe degree of atrophy with pronounced enlargement of the ventricles and cerebral sulci. There were no other abnormalities evident on computed tomography.
At restudy after a mean of 14 months (range 9-3 to 24-1 months) the children all were nourished normally with masses and heights greater than 80% of the expected for age (table) . The head circumference was normal in 11 children. In the remaining child the head circumference was just below the third centile when it previously had been far below this centile. The child had no signs of gross neurological deficit.
The serum albumin concentrations were normal in 11 children with one value of 34 g/l just below normal (mean 39-9, range 34-46 g/l).
The computed tomograms in all children showed dramatic improvement with 11 of the 12 being within the limits of normal. Tomograms before and after nutritional rehabilitation are shown in fig 1 and 2 . In one child the cerebral atrophy had resolved but there was a residual abnormality of the left parietal cortex with widening of the sulci and a loss of cerebral cortex. This was suggestive of an old cerebral infarction (fig 3) . The patient had no neurological signs on physical examination.
Discussion
The results of this study demonstrate the dra- In a further study of Ethiopian children over the age of 2 years of age with marasmic As there is no detectable neurological deficit in these children, apart from apathy and irritability, significant neuronal loss is unlikely. Loss of interstitial fluid is a further possible cause of cerebral shrinkage. As interstitial fluid generally is increased due to a decreased serum oncotic pressure in kwashiorkor, however, this pathogenesis would seem unlikely. It must be stressed that the investigations by computed tomography were performed in patients who were hydrated normally and showed no electrolyte imbalance.
In view of the fact that the lipid content of the brain has been shown to decrease in severe protein energy malnutrition' 6 it may be postulated that loss of myelin lipid accounts for the cerebral shrinkage seen in the acute phase of this condition. In an animal study Benton et al demonstrated a restoration of brain lipids after nutritional rehabilitation.' It is possible that restoration of lipid to the myelin membrane may account for reversal of the cerebral shrinkage.
In conclusion, it is apparent that further studies of the brain in protein energy malnutrition are required. Postmortem studies in children dying of acute protein energy malnutrition, and in vivo studies by means of nuclear magnetic resonance, may provide the answer.
